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(54) AEROSOL ANALYZER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain an 
aerosol analyzer by which an aerosol in a 
narrow region can be measured easily and with 
high accuracy by a method wherein condensed 
fluorescent light is input from another optical 
window and the wavelength of the fluorescent 
light is separated and the constituent element of 
the aerosol is analyzed. 
SOLUTION: A pulsed laser beam 2 having a 
phase width of, e.g. 1 to 10-9s is emitted from a 
laser apparatus 1 at an output of 100mJ/pulse, it 
is transmitted to a sampling cell 6 via an optical 
fiber, and it is condensed in a photoreaction point 12 inside the sampling cell 6 
by a condensing lens 8. Here, an electric field intensity amounts to several 
MV/cm, an aerosol 9 existing in a laser-beam irradiation region is changed 
instantaneously into a plasma, the constitutent element of the aerosol 9 is 
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excited or ionized in a high excitation state so as to be transferred to a ground 
state, and fluorescent light 13 is emitted in the photoreaction point 12 which is 
peculiar to the element. The fluorescent light 13 is reflected on the side of a 
fluorescent-light condensing mirror 14 so as to be condensed in one point, it is 
input to a light measuring device 17 via an optical fiber 15 for fluorescent-light 
transmission from a second optical window 7b, and the content of the element 
constituting the aerosol 9 can be measured. 
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•ffttfWttftl-t&^mb LX-mu4 .^57- 
iGT&ZbZimb1-&. 
[0048] *mtr>m&b%t \y-<fft<n5m±&k 
<mttx\ ( i ) 7yx~?m&.<r>t&><n7v—7ir*j 
ymis-vx. (2) u-mm&mi&mu-vft. 

<7>3^m.t&tfhz. mmMbix. (4) 

[0049] Ztlt>cr>m*. m*'VUXW&. ffi^ 

12-e 3 L^^r*U •? ^^*«»ftaj** . iOTtft 
*%tyx&. vyy'vyr-tfrxmtt&is-'fftb. 
Zix£Zr>X&t&&%bZZ&y&Sizih<o%sm 

zg%?ht><7)bi. ^(otmmzn^xmu—f^ 

(OblX^l. ZitdL. Ztih<r)mmzr>^X\±. tiff 
n£.<r)*7uV)l><r)®mz£ r>X l>~ 
•fl&WLgmizfc t^>Xr-Mb lX&M%m&tfh 

*). Kg.tz&tx®mtt.2-£?>KZi>cD?h&. ■ 
[0050] mmi4(om\i. mmiirkA* 

X\ tMtmm6frL> 1 3 4T'C0V^AHCIE«<0X 

TnYji^mmmzaux. %&m*&rtyYtv%7 

7 A > N'TflliS I . zco^j ^y YJlfty 7 A rt&<r)-UZ 
\'- J fm&frh*fyr y y^ivt xu— f m m< % 
^mtixmmi. mmfttmwyrvy?* 
ti'frbmm*x^mm<%&mb ixmmiti 
ztzmbtz. 

[00 51] ^SgBlifcfcvvcii. mm^yYf^ty 

7A^ff>-miu—fnt<ommtz. ttmo^yrA 
rtzmt&mbi. *#ffi&i*xm®z*ti?tie) 
mmtzftm ix^y FMttz . z 3 1 1 z b 

*). u-^mstiXr/mmmb. v-yy-vyrw 
Mb <r>W)%y 7 A <KJi-*flx # h . 

[0052] ti&mi 5<?)mii. »*3J|1*»6144 
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£ j*i*gB4 wimimnz v yx^wx-h &zb* 
[0053] %Mm?£&t &9&t<r>mni* mm. 

fc=Sr*. Uztf->X. »4t4ffilS<0*ajfcJ:r>T^ 

xv^ic*^^ t^mt^yru yy-tm&om 
m&^vmmmzmmzitzt:*). -tyTvy? 

Sft^gi: LTI4. 0Piii5 5-*4V^ifll/> 
[0 0 54]|f*«16cO^Hgii, W«5f 1*»4,4 4 

[0055] 77X-?mLC0lztb?»s—?%BmimV 

war, 7?x-?it\tm%izfit>ti2>tf^ %<r)Kmv— ? 

*«wrj4jH»Lfcu— fx&?mmm-thtz#> 
fc, -9->7-yy^-fe;Portgi5T^fiRl!f$-fr, ^0fc 

cr>X'h&. zo-f&zkiz**)^ ^^u—ftH^jX'iS) 
m)lz7ls-?yvyt;&tZitZ>Zk&X'Z&. 
[0056] mm. 1 7*>»PJHL fi^ 1 *^4 4 
X\ &tzliWm6frt> l 6 4? ovvf n*»fc:£tt<ox 
TnV/HJ-^Stijv^T. -^yryy^-ir^tsxTn 

tot* mmmmmmm^-ti z t *#&b-ti . 

[0057] VsT 'J ^-t/WCXTny/l^ttite-f £ 

o^-tfy7-yy^-«r/PT'«rfiEt^s. 

{4. i^-f ^oft^s-ir^-tyr y y^^^c^x 

yry >^«*^$ASii£X7u7'/U^r#arfg 

[0058] mim i 8*5*5114, n^qi i 7iesiox 



to yT&%<D^7urji&xn<7)immttmmh 
z t mB&m&isyx&MTb izt mmt . 
[0059] wbrnvrv yTwzzm. Uz-fyT 
y y?*.)v\z&^x\±. -tyrv yrwsoxraYfr 

htm. mizuyxmrnziix. mum<m£.m. 

mt%Z. z<D£o izlx. licoyyTO yT*>\,X' 

Wkmyro yTrnfi^mx^tiixrvY^co^ 

[0060] n#ai 9comu. mm 7B«*>x 
rv^Mwmmiizii v >t , mtiiLwmmm&iiit h 
v— wtgummt* mat? lis— mcomz&?y 
tv yTS, i we>x7vY>i>mAn<?><mizmd?mtz 
ztmm%®&£<D%Mi$y-£tzteTvxj>Thz> 
zt&m&t-ti. 

[oo6i] m&myTv yTs&zmmiiz-vyT 
y y?*)Uzi5 v ^xn .-y-yTV y/itmrn^ 
mxtwmnw. mx.i£mm±xm^zmxm. 
5*vc n * *> <vx-abti\f. u—f%e>M)!mwit3&£t 
h<m#%<. l>>~?lt(?)m2££$:BiM$y-&fzli 
T y XJiXHf oZb tfX'% h . ZffiXo^zLXl^m 

yT>jy?-t)i,x\ Wkm-yrv yymfrhn^r 

[0 06 2] mm2oemiit. n^ia^i 94 
xwiKMzifficoxTvyji'ftmimz&^x . m 

[0063] *%9!£&tvc. VsTO y?*)l>ft<V§l 

%3&mm±. ccdw ymnwmumgimzx*- 
zt£.£i) s y—rxcoftkti&w.. TyX-?m, 

mtitm:-9-tizktf*mb%&. ttz. m.<r> 
yyTv yrsB$amt&*ryTV yT±Mz&wx 

[oo64] §*$*2 1 <mmi. xrnV^S-^O^ 
xtfTfimthVsT y y?m<rmm t , ^os^jfA 
zmAmzwtvyxtt-rhv-vmmm 

<Vft7r4rtb. Z<r>%7T4**itLX)s-4fmm 

£ A* LTWExrnV/K^f rtjaittJ J: V-tO** 
53tff«S b *mts mzm%m<r>K7 r A 
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[0065] *%,tyliir>7V y^^Wth^ttt 

; (cflttittt^x : Ju o %i><7)T%y r A Hb 
4. i^ck3^»jtt1ixtf, ht&KiZ^XtiLffit 

&kWhhz.bw*mbw * *yTi->zi>mt% 

[0066] ffc£JS2 20««tt. n^i 1 *»4> 2 1 £ 

Mmbzmttzzbtmbi-i. 

[0067] J: 5 1 „ >*<-b;l^>«jE 

IWMIBfctf d £ fc i *TfSi: £4 . 
[0068] 

X. Blli[t#J»LTI»»r*. JaTOWWJBT 
*-*x7ny;HM7flS»i. Mi.tt»|0H>^ h U 

ami. Tmm^mM&mtiimtzmmztihitCD 

[ 0 0 6 9 ] m 1 1 HM»JB(c J: ftxro 

[0070] *mt»«oxrnv';^*RBIWi0 1 iz 

A4fc J:tfa«J*HP4 b ^gtMW^U ^y-fe;P 

6<0tt« #**7afctfLTAIt5*i*J:3fc ! Sr-9 
TV>4. COl/— T3iiAltffl^7t^lg7aa-tf>7*y> 

*U d0^3KU'>X8(;J:o'C, 3fc7r-fA'4*^tBI* 

[0071] %Wp}3Lk%Z i-hV ^ A^>x7oy;P 
9 *#tr#x& -9-xr y ^^-t^6o±»fc:SttJtx 
TDV/m^pi Oi:ftlXiry70y7*>\,6[*HzT 

oV;W»AP 1 0 fcitrttSf-^T'J >-y-fe;l/6c7)l!cgi5 
fflUfcxroy^SKljp i ltfRlttfu x7qV*9 



i«t7DVA4»fflP 1 1 fctfLTfl* 
l^>X8^^fiS(i, iOX7oyA4WBPl lOifi 

(*Wt»Jirt{d3ISRJ6fMS) fc$*iT^4. 

[007 2] <? L/C. -t>-r!;>'^-b^6rtTx7ny 
/P3IAP 1 0*»6x7oy;H»ajp 1 1 £«*i4x7n 
y^9tt, ^l^^X8(7)^{aaT'3tRi5L (HT. 

S>*i4J:3fc:$:oTH4. 

[0073] y y^/i6^mzit. WtMcIt 

mtixvmM%$y-i4tmzgm2tix^ 
4. ^<rym&3t^=7-\A\^ nm*&Mmb-$hi6i 
MommMn^orch o , *o«waflBc?L 1 4 a# 

as#u *vm&&\'-v%5<r)wtm>b-%cth£ 

3fc=5r->TH4. 

[0074] .TitteJ; 0 tf3C 5 tt. S 5- 

1 4 <9j£g&tf)?l 1 4 a LT . V 6 
rtfc»A8#i» ^>TlSl#t=Srr)fc^iafe3e57-14 

9fc**|jatfcJ:oT«*13#4&4J:}fc*oTV* 
4 . Sbfc 1 3 1 k««*EPT'*-f i p . ibtmft 

[0075] 1 3^ufittBw»2 <?mm§.7 

r-<Ai5<0A*«FP15aj6<E»SifCV^4. *L 
fcfiiSSWrtl. 5b*»4,«3K5«»i 6S- 

[007 6] *HJfe^SHt3V^T{i. U-in«l*»6 
9U.H1 0- 9 s^t;^(iSSr^iyc/uxW— f3K2*« 
Jli7Jl 0 0mJ/^tftt4*l, Z<Ol>~fy£2tf 

%yrA >i4*-ftLxvyyvyy-tn>6£GMZti^ 

nftvyX8{z£^xvyryy7*)V6ft<nmt& 

(%m&i2)?m%ztiz>. 

[0077] ZZX%m&imMV/cmb%*). V 

vitzti^ x7oy;p 9 mffimimm&imxwgt 

%^l4*ytt.2tiX&&W&\mi. *<rte£7im 

mnm&& 1 2 T-sbfc 1 3 hti& . 

l0 0 7 8]mm&l2X'%LfzM%l 3tt. 
*S5-14^)f*ia5TR»LT~j«(Cj(Ue§ii. ^2<^) 
7 b frb&mm%7 r A )i 1 5 ^ t T3HH- 
7lzX1lZh.xmmhtl. x7ny^9Srfl| 
^•f47^^^rft^*ffl^$ii5 0 *HiS^S(cfc^T 
li. 3Kff-aiSsl 7*^i.tfA>Ky^7-f;P^SrlSat 
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■tZTcmzftm-hzttmrnxbh. zcomwiza 

[ 0 0 7 9 ] Srfc % 5 i. Z>TyX~?£j&<DX 

£2*>. *mmmxte77x-?£jm v—fjw»w 

XX.*JU*f&mmXW(. 1 O 0 m JSST'** . 
tei-S® ( 1 0- 9 s ) ibSMli^TtJ) 

ifes ^-;miiu-fiaia. Nd ; y 

-if. co 2 U-if, n 2 i^-ifWitffl$*iTv^„ 
[0080] klhom 1 USS^JgC: J:*Uf . xro^ 

9tu-i i yt5iz£mmTftmt&zbtfX'Z. *> 

[008 1] m2\z*mi<r>m2mimmiz£&j:7n 

[0082] *mmm<D3i7uy)i>ttm&it&m 
izmuom i mmmt mmx-bitt. z.tuz\,-<m 
mm/t&mi'—fmw.i s^mai^^x-ht. ip 

*>. •?>-:ryy? r -»r/P6fckt Z(r)ft&<?)%K&& 1 2 
Jill. WMLtVimtzm 3 Oft^jg 7 c 8 J tfflW <93fc 
**7d#iBtMl.TV>*. *LT. l^-lffcjBS** 
Jfcffl^— «f^Sl 83&»«»»Lfcl/— T3K1 9#3fc#ffi 
£2 0. A^«^2 1a, 3K7r-fA2 lfcilXaj^Sg 
?2 1 b£tfU t£3<?m&%.l cfrt>V>7Vy'/± 

)veti£.mztit£o&t*>x\<h. 

H2tf>ttJG»$Hcei 1 fc l»l-0^$r#LTgiBJSr^BS 
[0083] *SW»»fc*ilvttt, P-lfftl 9 £89 

i. mm. xruvvi^j&frtfrh y *72>x*hh%& 

IZlt. D&fcLT3r£$:58 9. 5nm$,|>V^5 8 
9. 0nm(7)mmzmmZlt&. mi 9lt. 

3K^IE£ 2 0 13 J: ^7 r-f^* 2 l£gT. ftRHSgpi 

#5 5-14T**;5*U mmi 7X-®ft$tll. 

is-fmmm&.mu~ mm 8t ix&m%u 
B%¥m : F£m^i-zmfc\s--fm i imx'$) i . 

[0 084 3 4fc, l'-lT3ei9teJ:oT4feJ«Lfc7 , 5 



ffllXUm-fhZbifsjtiX'. x7o^$-fflfiE-r^7c 
[00853 £0»2SaBRBfcJ:itfr, 

z.frt>{kti\s— mmmytmmtiztizx*), « 

^ comi&m 2V)i/ —rftnmi 9 4 ^ymm^u 
—frnziizyv-? y^y&nTyxvffmmmiz 
m&?$>Ms*-y&ti-z>. znxoizix. 
x\,-9?*7 yxu&fS. LfWrv 4tx t wrcs ■& 
*>, fiiatftoxTnv/Ko^siait^rigt^-s. 
[00863 t . xmtmmx&zrv-? ?v 
>iz£h7mco®&tf+ftT%^i$r&*-?i'-?yvy 

X£j8LL 3 *JI«B«Wo«H-C4j«Sii*9l3lMI#*«+ 

[00873 ^3 i&t&am 3 sQeege x sxrn 

m>7V>7*)V6<mm$&LX*LXUh. * 

vwrMmim i ^ turn 1 hm«® t h«t* **» 

[00883 #HJfeWm. tfy^'J y^-b;i/6 rttc 
x7nV;U£fflg-ri, 7^;^22^ x7d/^9« 

j£u -«ri3*>3tRJ35^ 1 2S-&tf&g(cgia$^T^ 

^^SiE^l 2X'£j8.Ztl&m%l 3«, «5KS 
5-14fcJ:0at3iaH«ffl*7r>fAi 5fcr»*S*i. 

mmmBmt®mzjtf£$ti$> * a (c*otv»*. 

[00891 x.7uY)Vtmm<r>y <)V?22tLX 

mmm&LtiziL'g&m wm$ML*v7x=r 
y ) imsmn \s-<fm\izismx'h & . 
[00901 *mmmizx& t v 170^9 ttts 
nx *mz$&-®xs 1 tmzo. 

xro'/;P 9 Sr^gSSStriSS L?t 7 -r ;^ 2 2 izX 0 
<mWX77X-?Z£j$,Z-£2>c7)X\ %m&wz. *)®m 

mzftbtii. 

[00913 z<7M<?)7°v±xiz~mxii% i rnmrn 

tmX'h*). 7<)V-922\ztt1£U~m\$XyX'? 
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£ t iz X 9x7nV/Mfc»W Z7&t<r>*1i*mfct 

[0093] ^mmm^TuViv^mmt. m 
9*w&rz>7 * 22tfwmztix^%. *ix% 

IfaJSs 1 7 J2, 7 4 )Vt 2 2 OHB5£tt*-f SlTu/ 
;P9<oi—lflSie^5ISS-«^)3'JtSC: fcteJ: Ox 
ToV^90»tt«*«JW*««**t4«Wi: Sit 

[0094] &i&4 mmm^mmzxtni. 
msmmmmmx'^-^ mzx i^MT^x-?m 
7tmco®mtf+ttX'%^t%£ s $>. ri>-?yij>x'!kj& 
i o &®mmcoMmx'&&ztimy£{i^tf-HfrX'tt 

xM%.%mzf5imi i !kt&%>-&m£i5^x. mioyu 
-?y*rym<oi'-rft5<7)mm&iz. ^mtmt-t 

tx\ \/-^mz±h&s$LT?x-?m7m<?>wm*m 
itwiz+ft%mmm:m z t vx-z . t tzm 
mt t&7mnm&&tfmti&$rx'i>wmg. 
iftibhzttfX'Zh. 

[00953 m5i&mm(D&5gm&mzxhx.7u 
Y/^vmsiom^Trrmx-hh. znmsx- 

i>VyTVy7t>U6<om!SLt:&klX7rslX^&. 

[00963 *%tmmcr)*7vY>w9mmx'te . m 

m&HzKz.X. tizmmmizl; ^W:«AL^x7a 
^££t^*+Tm£^£fS£$-£l> J: 3 \z+ £ nX 

[0097] -f 05 Cjjrf <k 3 fc. ^T'J y 
/■fe^6 KxrnV^9 £#tf#;waiAP 10,11 

X v . -fl-vr y y^-fe^ 6 ortS5fc^^«*^^S 
l/C*)**** 5 5-14 jflftBSitT V >S . 

[ o o 9 8 3 * Lx , -t^r y y^-t^e rt*>RjE«« 
fc, mffER&DtcioT^tf^xrov^gs-r^xv 

fcS*41tt«l«**2 3j^tt4>ii , ov&. £*>» 

it. &» * wx mvsmnmbti * . 

ffi2 3 {C J: 4i7n/^ 9 <7)TyX-?fclZ J: T 
Sfflfc 1 3#, tt£tf>9&K«3fc$ 5- 1 4 £ J: ->X%& 



*7b<o«fflfcj|*sn4J:dfc*->T^i. **8<t 
fc«*HL *W87b*»4,flBee»ffl*7r-fAi 5* 

ftixmiz^mmizxiiztixmzii. it 

[ o o 9 9 3 znx $%mtt0#miBmtz xtm. r 
yxv&mu-i s mm<oR*>'oiz. %mw&23iz 
xh'wxmcwgizx^x. *r>T»>?±jv6Wiz 

zzx'm.+&mmm&mm&mm££ 

xro^$:«fig-fS7cSlt5J:i;-ec7)fiSrti-aitl> 
[01003 06<±*^<o®6Htt^ffifc:J:Sx7o 

[01013 ^mmmn^Tuvivtimimt. is 5 
msmmwmmzMi. ^-yr^y^iven^^MM. 

ffi2 3i0jfe«fi[S^. m2\,Z5*Ltz\><7)tn®.V>\'-' f 

9fimst2tiz>i:oiz%->x^&. z<mv>mm±. m 

K^m-w&te. *ruV)V9(r>v-*m&mmig.*: 
&mm&ztiz£*). xroy^9«o#s«^si^ 
•t&mmimmj&tztix^i . 

[ 0 1 0 2 3 £<7>J: 3 ^6&fBBIB0lf&(c <kittf , 

%<7)®mR<7>*;%%%i£com2<?)]s—fm 9*<m 
x\ &j8 l 7?x-?ftco7im<7)mmi:-&#>. wifc+»* 

[ 0 1 0 3 3 *HSi^)S(ci3V^T, SSCRmrJ 
[01043 H7l4*JHBO«7IIIWWBfc:J:4x7o 

2 t/c» 2 mmmnmmz . p— faaa^ajg 

mjm&m<nv-fmmiti x 3 1 in tor* 
4. 

[0 1 053 BP*>. *H(t«IBT*4H7lC*LfcJ: 3 

-fyT-Uy^-b^eic. -e^rtSi5c7)3tSlS^il 22r 
1 1> iSISLhWfflJf Cm 5 cr>%¥& 7 eti£l/M5 05t^ 

*7f*«tt4.*i-cv^. u-^mmM 
mmmmv-^f&M. 2 4*^^L^i^-f i 7t2 5*j 
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A^J«^2 7a x 3K7r-fA2 7*J:^ai*«RF2 7b 

y?v >?±)i6 wz&m>m&& 1 2X'<rmBm 
v-^msnmamzm^x. 170^9^ 
£ $ t ®Lt mjttmmiii-t&mtfLt ztix^z. 
=3ri3. mmmz^xu. mffi2mtmmt®mm 
x-bhfrh. mimmm\,zm2m-om^^L 
xwmzmtz. 

[0106] *mtmmiz£tu$, ryx^m.mmz 
v~ rmMMRw-fyt 2 5 tmt-t * -r t t\ # 

&mms>zttfX'Z&. s?o>-»mx 

-e<oftsu^-Xi»,jsijcasiafc &*x7nv;uoa?- 
p-if«2 5<oi!asLSi**»&t4ifcicj: 

mmzm/mzzttz**). ffiu&mi 2izm&x. 
7p v;u 9 n&ttc7)ftmmm±w®tii t><7>x-i> 
1. 

[0 10 7] H8(i*3^»8iafiWBfcJ:4x7n 
[0 108] 07{C*L^7Hlfi^© 

ibfefejSJBw-ir £8 1 8 1 z&tzirti i>v>x'$> h 
mmm^— ma.2 a xmz v-^%2 5tu 
-?mmmm&m v-^mm. 1 sx-m-h v-<f% 1 
9 1 z?>rv yy-tjve^mm^mx-m^ 

-7S7-) wmibtix^i. *n % $m<r>u~r 

ft 1 9 , 2 5 fctfXT'J ^-b;l/6 fc3»ft LTftRJ&£ 
1 2fcJBHt*jm#«tLT. A*«ff2 8a, ft7 
r>fA2 8tJj:yaj^^2 8b*Jig{t^TV^. ffi 

mmz^xii. mm.Bmmmnx'hhfrt>. 
m8nnm&4Hzm7 1 m-o^tn ixmwzim 

[01093 *mtm®izitM . v-^mzmmg. 
m<r>v-*f%2 5 1 ^-fmmmmmm^—fm 

9bifiWu4 v?$y-2 6X"&tfLZtl. ft7r4 

ftimyt$.7-i4X'm%ztix%.7T4rti szit-i 
x^tnmms. 1 7 izmfrti. z z xm* ttz u~f 
izmiwcmmmmztiz. it^^x. m&<?> 

*#>tf)ft7 r A *<vm0?m&X% . i/ZTJ><7)&% 
[01103119(a), (b), (c)tt, J2l±0* 



*Lfct»t*4. 09 (a) iiX^Xv^j&^-if 
ft (TV-^^JflU— fft) 5<Wm*A%V7* 
*SUHB(b) ttU-lfWBSBISHWBWP-irje 
1 9*>8Wf *4 S y^b H@ ( c ) JixroV 

tfft) 2 5tf*g»*4Sy*'c**LTH4. 
[01113 dtl^tOH^tfcV^T, A 1 1 (i75X7 
4^P-f i ft2 50^iaSI^L^t^-C. fci* 
IflOHz <7)Mi Oil UT'xro WUHBIfc* £>$£fcJi 

0. l^t&s. a*:. At2(ii^— r^ie^ftfhajffl 

OU— fftl 9^7*7Xv^Ji!cfflU-if3K5iO!i»^>f 

s yffr^cVMtiTh *) . ztni.m.^tiiryx^ 
#mzfctxi-;m->h-?4 ?v®<?>*-ytxiit«x' 

m?tf?yX'?tt,ztixfrt>m : f i w&izmitfflk r 

kX-yXfibiil. 

[0 1123 01 Oii*^Hjco^9HJfi^S{ci:Sxr 

^/A&wsaemsL. mz^m^m^i^-tmx 

hi i\mio<7)Awmx*b&. 
[01133 *mmm\±. m^L^^mtmimm 
izxiu—fmn , is. 24$-a*wti^^a 
-rstttc. yy7vy?'±ju6t : mm.st$>%& 
fc&wx. *<wmm)mmz^\\x<7)i*cr)Xbh . 

~f3K5 (19, 25) ttBRoir^ry y?±/i^& 
K-thmt lx. mwm2 9 1 x z<^tm^2 9 
trhmyrv y7±)\^<n^w&*mmhmim 

I&tAKA (21, 2 7) b$:mtt:i><0?t>b. 
1 0 1 1 4 3 <£ LT*IU^®T'{i. 3fe»-SS2 9 

f3K5 (19, 2 5) 5r^ft-f4aU^-^pyX 
30t, ^<7)nU^-^uyX3 0(:«toT^t^^ 
-f%5 (19, 25) $r^<0ft7r^ A'4 (21, 
2 7) ^|Slt«JSIxl»ryXA^^{iS7-3 2i:, 
^^TUX^^TttiS 7-3 2^flJ«ii»#5-^T3^T 
•y7*-? 3 1 1 ^ffl^^ffijSt 3*UO>*. 
[0 1153 i<DJ:5=5:fllfigt:«J:St, i^— f3K5 (l 
9, 2 5) 2raU^-^pyX3 0{c,J:-?T^L^ 

a. 3e^«B»2 9t i/c<07 , yxAafctt$5-3 2£ 
^lt. siaoft7T-f^'4 (2i. 27) s^mRtmz 

S-^.T-yX^-^3 ltiO0fllOft7r^A4 (2 
1, 2 7)^ffiBfcrtJt*J: , 5*cLfcO"C. 3t7r>fA 
4(21. 27) ^#3eo«aii*«B«*»oaB«fe:ff 
xS. Xtv7*—? 3 lOEBSAlttfteioT 
#3tt43K7r-f^<4 (21. 27) #-*Wfcje**' 

[0116301 2l&*m&& 1 OIUfi^JBfcJ: |,x 
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[oii7] *mtmiBrctt* mi o&xvmi 1 

L1ZM9&mt&<?#t7T4 A4 (21. 27) KfU 
T, 3C*8»*3lWr'f F't-f 7*3 3 fc UfcfcOTfc*. 
Z-<r>%lSA hW7*3 3!i. vNM7-|*iffi{cr;PSr:^ 

mi^9mmmmnmx'hhi)^. mi 2&x 
imi snmmftizmi oaxr/mi i tm-nm- 

[oils] zc?>£dzmtfi<7)%i omtmmzx^x 
[oii9] *mmmx'\m i a a tc. m% 

6frt>m.l 3£-£(cfaj&^T$<^!&Oft7T'f A 
15k. Z<7)%i/t7r4*l 5<0til^^?l 5b<7)r6l< 
{fflfca*S*ut«iHE»3 6 fc £*£TV>4. 3fc#II 
S3 6(2. B<iiB«0^-1f^#3t-rS^O3K^giSk 
Al 5<?)ft#£ttLT[IIi&W5:7- 
•JXA4)t{iS7-3 7k. £07*y;*Aa/i:«:$5- 
3 7 ©flWilHtsfcfT 3 v 7**- ? 3 8 fc £3" LT 
1*4. 7-yXA4fcttS5-3 7*»6aj»S*l4«3Cl 
3li, 3U^-^l^>X3 9-cm3fc$il^ 
7r4 Al 5cOA*S^ 1 5 afcAStSix. H^L&H 
ftfciB&l 7fc»Wi4J:dfc*r>TV*4. 

[0120] zcoxozmmzxzt. $&ti3<7)m 

<7)tz#><7ffim$Mz-o^x «> . wwxry 

MznLX'mvmm&i itmmxt. mmm. 
izm&m&mmtwwh&tkuz. *<D%&m 
m®twfci>®m^wzizftim<7)ttm%)&m 

[0121] fcfc. 4&mmw/&8M£r>»Xi>* 
ft? r 4*1 5fcfttT3fcJM W7tm-t&Zb 

ifiX'%h<Mt%)mx'b&. 

[oi2 2]0i 5\i*%m<?>m 2mmmiz£ix 
7uy)Vftmm.<Dm&z^-ti'*T2±m$mx'h t . 

b, 6ck. #l^c07l/-^^yfflU— 9%S 

i , mum 7 , u--mm%3u&mu--fm&i 

b, 15b, 2 8bX-mWiZtlX^h. 
[0 123] :«yXtAfiit 1 _B£U.i2l 0-0 

1 4(=^-r^m^7t^gffifSjs#jiffl$iiTv^. 

BP^. #-9-yrUy/-fe;W6a, 6b, 6cjb>£>#Ml 



&#3#cD5K7t4A4. 15, 2 8#-Hl-f#l£fcy> 

ciii4>^3K^s^2 9, 3 6#amztixiem 
mm&ztix\^. u-ifise^^fflv- 
if m i s t aasyg u~mm 2 4 mm mi? 

7 $7-2 6££nXFlM±.X"£f8.Ztl. miZwlt: 

mzm 7 msmnmmmm ztix^z . 

[0 124] ZCOXo Zm&LVn 1 2ggfBgJBC J: & 

t , tyr y y^-t^ 6 oism&j: o mm 

1,18, 2 4SJ:V3H«NSl70RIBfc36«j!«&<. 

TU yT'-tr/^^l&E&fcitf&p-- ygg l , 1 8 , 
2 4i3ilX3tfj-jBISl 7tf)t&g&{i01 5fcSLfcitf> 
JSI*Hc«HB&C* 4 Z b \MffiXtih. 

[0125] hi 6ji*^^m 1 3mmmiz£ si 

[0126] *HSfe^®^xrn^/;i^)&f§IS{i. -o 
0-9-y7*';>^-b;P6(^L. Mi* I'— f§SS4 0*3 
•tr^ffiaj^P— ^B4 1*^1^— T3t*^$ill.2 

mtLis-^mtefAr^vx'hz,. ztit&v-v 
m.4 o,4i a^ns-r 4 fmt. m ? ? 

? 5 5-4 2fc it/ 1 *(7»t7 7>(a'4 3 5r^T-9->r 
•J>j/-fe;U6ffl!lt#^$itSJ:d^-oTV>5. *l 

5 5-4 4fcJ:oT*ttJ*WF4 5fcJ:yi£aj^^4 
6 ISfcWi, -9-y7-'; y^-b;P6 t^LT 2^KT*Alt 

[O'l 27 J 4fe. -oO^ttaHSSl 7i3ilX«7tA7J 

A7JfflS»4 7 5:^tTA^$il.S^5et. ?A?u4 
7^57-44, H-03e7r'f>'N*43iJ < J:l/^^n 
^•x?S5-4 2 SrgT3KffSJS 1 7«c**3*i4 J: 

[0128] ^OJ: p iWf, 
XT-J>m.X\ Wk2Mfo<r)\'-' f&fi&iXfnx&m 

[01291017 tet&fflogl 1 4 HM^ffilC i 4X 

7uYwmim<nn&*mi'XTM>m$mx'hh. 
[0130] *mtmmx'i>mwmi 3mmmtm 

WiZ-&mHi)V-fmt4 0,41 2%&?4 

^§4 o*»6«s3*iii/— wfc«»#, K^t-r 

74 8ZftlXV>7V y?*)l 6 ffi(C«3e $ ^15 <t 3 
K*-9TV^4. ^ftS^flllK^l 3HiDg®kB&|iI« 
X'hhfrb. Ml 7fcHl 6kH-fi^*ftLT«Wt 

[0131] ;0J:3*flWfcJ:-jTt, mi3HSfe^ 
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frbfmZHZ V-VK&fttiA HAM r 4 8 £rt IX 
&&?Z£olzltzZklz£<0 % J: 9*HtfJ*>U~ff3fc 

##4 HAMT2rffiffl-fSA»{cov^T(i. V^fMte 

twiw mitt. 7\s-?y*7y<m&><nv-' f3£» 
m%? r 4 mmv-vitw&mz. i * a 

1 0 1 3 2 ] HI 8{4*5HBtf)lll SHitJBJBtJ: *x 

[oi33] *jtjmrra. mmzmmhft? 

K;kft7 r -f a'4 9 i: ZtlX^h . Z<7)£J*y YlVlt? 
TA;U9<7)&7TA'<gmi. mz.tt±&&-%7T 

•m a*5 2a^^o, zixh<mw,*&)v>y\ l z£'>xm 
miztmtstixm&Ambz^x^itf. m><mmt 

#3t7r-fA'50. 51, 5 2W->T. -etl-efll^- 

±@#-3K7 r-f a'5 0 J: 

•f5fc9£i*£f?v\ S^ifflg#-3K7T-fA'5 1tJ:-? 

5 2izX ^XSXBS&ffo X 3 izK^x^h. 
[01 34] 3 %*mimm<7)2;<y K/wfc7 t 

thit? r a A* i *itt& z t , m&mmit 

i o 1 3 5 ] mi 9te*mcomi emtmmizxi^ 
TuYwrnmcomtfi. mz^yrv yy-twm&L 
z^-tmx-ibh. 

[oi36] *mmmx'i*. xrnwi^ zststix 
tv-vft5tnmwmx'btm&&i ix-n&t 

*)i>6coftmzmtt&%M%$. 7-1 4 1 urfcor 

»*. iOflt3Bfc*S9-14ttD!nii«l*<0tO-C. if 

2<7)±mazimix^yrv yy^tve^^m^m 

^n&zmomf&tztLx^z. 

1 4 <o»«tt, 0 1 izTp itzm i menu okwcib* 

IK teOtmmX-*) *) , IW>±rtI* OlcStoTl 1 4 a 

*^ v — r # 5 *> «ki/xr d^9 arm s tcaa u# 

«k S3i^mtfa!lfflft7 r -f a- l 5 OA^Sai? 1 5 a 

eat 'Sri. et 3 izmzztix us . 

1 0 1 3 7 ] £ <o J: a &«J£J;: «fc 0 . »#l*ai»tf>** 



[ 0 1 3 8 ] 02 OttWKBojl i 7HWP»fc: J: *x 

£7fitmx'bi. 

[0139] *mmmx'it. 1 2 trnti 
««i 3 yyrvy?* 
)ve<m^^zm j ftz$k%vyxA 5 1 Lfcto-c**. 

m3tPyX4 5 1 3 

4«Mte1-ft£fcjMB*U\ tlx. %%VyXA5 
<Wm<r>^m\zm@<WVtit7 r A a* 1 5 <9A;fjag 

[ 0 1 4 0 ] £OJ: a ^»«fc«J: r>T i , Mft^aj^ 

[ 0 1 4 1 ] H2 1 fi*^Bjo^ 1 8msmmzx&x 
[0142] *msmmx'\&. •^yr^yy-^iveim 

BbZti. -?-O±TMg|!('XTnV;U9^^0^*x<7)Hl 

ap 1 0 , 11 mfttztih ttuz. immsxvm 

M&izmLC0%&m7 a, 7 b, 7c, 7d^fSft4»<l 

t^s. rtSSSWixrnr^aiWErr&ii:^ 

H-T4 «t a Mitt*WZ7 A )Vf 2 2*«ig»t4.^T 

if^ryy^-b^e^^tcotis^-r, a^«o^« 
[0143] ^rfc\ ffijgco-y-yT-y >^-fe;P6c7)^(c 

7Xj§s-igsL. z^z^tfvxx'-kimmm. 
u* e>m-&bitmmx'h z . 

[ 0 1 4 4 ] 02 2{4*^bj^ i 9H8egJBt J: £x 

[01453 ^mmmx'it. vyrv y^iveim 
BX'±Tiz2#mmzmtfLkzti. ^mmyyy'j 

54, 5 5mfrh5 6£l~>X*nte&mZtlX 

[0 1463 i^a^rfllfigfcrJ:^ -ty7Vy?* 
)Ve<rym<r)lz#)e>nU?»--y7. f&tiM&mm 

^l/Z'ffx.i) . 

[ 0 1 4 7 3 02 3Ji#38Bjjc9m2 0lli«9gS5tJ:Sx 

z^-tmx'&i. 

[0 1483 *mmBx-it. nmm-yrv y?*nv 
6?>fimz, &&z+ry7vy y^sn^&mzWLfe 
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ItzV— fmtm\y>X5 7 b . *tllz£ *)Bf&.Ztl 
BSZtiX^Z. 

C0 14 9] ZOXoZm&lzXhb. l — if3K5til^ 

7-5 9iziiR%bi,z£^x. 2mzbti*)m.wa 
izmytztizztizzz. ititf^x. pftw—fui 
tx'i>immz7 i 7X*7mit:fiozbtfX'Z&. & 

%.®z.y-Zm«&-er£&Zblz±iX, ^b$>& 
mft®coW&btti&. ZUz&< <D%.M\5\&Zft o Z 

bm&b%<). -mmM&ryX'vm&'fiozb 
[ o i 5 o ] 02 4iz*mi(Dm2 1 mm&mizx sx 

[oi5i] *mtmmx'&. v>7v yy^eifim 
mzmtfiztixto*). zwyrv >7--t)U6mm® 
£Wjftiz®^ximmzmie>^7nyjimxn i o 

~%Miz\s--7%5mttm<?>%&m7 atmvt>ti. z 
<m&m ammizm^-^mft^ftb lto 
&£uyx6otz£~>x. \s-?yt5c?>m%mc?)M&tf 
mmmb zn. i hxto^hap i 
om.miz^mx^noiz^'yx^. irn 

WPttPl 1&£XS®$*%6 2I^ X7cr/;M£AP1 

o btffo-fzw&fflizmit^tix^z . 
[ o 1 5 2 3 co«fc o%^wm<7)mmzi.ti\f. ? 
4 >mzwmaixtz*7&f)vm\u i ot#u m& 
u>x6 ocommz* o is-^ttmjijsme i m 

<Xlz$ntZ-£& ZbX\ l -ony-yyv yf-tji-6 s-ffi 
miximwyyv yrm'gtftLxnmtcox.Tu 
Y)wmmtzi:otz%&. 

[0 1 533 H2 5(4*^^2 2mtmmizx IX 
rcr//kft#r£i<9tj|j£. mzy-yrv yf-tjwm 
MZ^-tmwiwmx'b o . 0 2 e ammmmmx-h h . 

[0154] *m.wmx \t. y-yrv y?*)v<>tf± 
imftb %tixa 0 . xruV)vmxu 1 on? yrv 
y7-tfr6<7)m&mzm-%mz®^xmmmzm(.. s 
ijfiiiz^xmnix^i. rvxi&mov-ifK 

5 Ji. y-y y y y r&v 6 £>*'[>gPT;fra>4>3fc7 rA* 

h. *vc. ?yrvy^/uefH(o^CMmz. u- 
•f ft 5 <n%m&zm<?>WM $.7-ttd*rvxj>6 3tf 

*J:3fcfc-»Tn4. zlx. -y-yyv y?*z)Vt>Hz 

3 HZX oT. £x7ny;t,$AP 1 0 ? *IS]£Ki& 



vyrvyy+uvevTHiz^ mo^tii 2x- 

m.-tim,13&ilk%tZt:#><7>Wtl'yX64t5£ 
mM%\<r>%7 r A A l 5 OA*«? 1 5 a *<iea L-T 

[oi 55] zvxoKcmmzxzb. u-vt/esm 

Mi7-tt:li7VXJ>63X'fioZbi)<X'Z&. *l 

x. imy-yyvy?±>\s6x-m&<Diryrvyfm 
xniofrbnxTnyjuvftm^mbzz. ttz. 
?yy y y wve ft<mm&m* ccv>*x?m 
cmwm&mzx*-?— ttm, u-^ytsnmA 

*u ®ftm&<om®ftmit&f*:~fi-tizbmmb 
^mt^x^£<. micw-y7vy7w§zM:m-& 
-9-xry yr^Mzte^xmftnQE&tiis.nmm.T-f 
zbizi*)^ b'oy-y7V yrwrnfrtzoxrvi 
V)i*m%. itin^mmt^zm z b vx* s . 
[ o 1 5 6 ] 02 7ii*m<r)m2 3mmmiz£ sx 

i^m^-rmummx'h 0.026 m«i«iiirBB0T' 

[0157] ^Htfe^STJi:. x7aV;P9 

A^BW-i^ry v^ffloief 6 5 1 . ,r<7)E;@6 5 

■f3K5S?Jtffl<07e7r-f^*6 7i;. ClC07t7 r^f 7 
ZitLXV— f^5Srffi^6 5rttcS3lttl»0^L=5:^ 

X7n^9a>4»£j££*l3&7fcl 3$-S3K-rS5K7r 
^A'68fc, d^3t7T^^'6 8^LT^5K«^S-A 

0* L^V^3KltaJSi: ^fl^^Mtti: ?*LT US . 
[0158] frfc, ^UMfllTii. Is—ffflliRlcoft 
7r4rt67bm&1ffl(r)K7T'{rt6Sbtf. H— 

(68X4, E^6 5(C«L. Wil^-)xy'D7^ 
43^3*^^69^J:>9, £3fcl^X6 6i:-#c»3£ 

[0159] 5 SrAtogKiitif . p-if3t5<7)m 
36^X6 6*ifcffifcJlffiLfc3K7T-r;N'6 7£E«6 
5 (CJ¥A L , *C0E<§ 6 5 rt^^ifig 7 0 T-£i£ 
X7DV^9*»4>0»3lfil3tra-*7T-fA6 7 (6 
8) T'^LT. x7oy;l.9t«W-t47c«tjJ:^ 

±j\s&xvvy7vy?s l mi:mii>>m%<. m 

(m6 5 ) lzW£U-1 s %5Z7JliZitXMfflilii& 
fill. 

[0 160] =5rfc\ Ef6 5(:3fc7r-fA'6 7i:m3K^ 
yX6 6 SrHWH^ LT^AL, ^?5x-;H,7t«jS 

iz*hb. {&mttgzmtt>hzbtf5imx\ ^yfi-y 
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1 0 1 6 1] 02 9\$*Wm%2 4»l: J: lx 

rvY)i<ttmmomi&.. mzvyyvyr&izm 

C016 2]*HSfi^®i±. 02 7fcJ:t^2 8£*l, 

o* g&i>ftg-t\ u—mttm<v/tyT4;<6 7cD® 
&tmmz. xVxiSn 7 lfcri 

0. *3tU->'X7 2i:-#«3iT}¥A$ii, aMS"-* 
$fLTV^. tec9ftj£Ji|22 7;fcJ:tf02 8£^U,:SI 
2 3HJS^SOtOi:^^V^A,, 02 9fcJ:tf03 
0C 02 7;fcJ:t/02 8£l§|-^^£tfLTilHB£ 

[01633 i<7)«to^*iiMjgJBi^i3^Tt. mm 
23mmmtmmz. \^- j f%5<n%%vy%h^ 
*$&i l zmLtzft7T4*<>7m t $6 5mxL. z 

(OmS 6 5 l*l<DgO£ftS 7 0 LfcXTn V/P 9 *> 
£OJbfel3£ft774A6 8T'i5iMLT. X7oV;W 

[oi64)03i a^m<om2 snwmz x *x 
[oi65] *njugjsii, fne«o*iiia^®T'^ t?t 

xroyVl^^HtJo*. ^gxro^^^S-fr 
6&Kxrcr//P4j£3!7 3 J: . ClO&SxTuV)^ 
. $87 3T'^L^«fixroy;P7 4 fc-fryry 

8H87 5&£V?>rO>?W§7 6 i: frfltefclMt 

[ 0 1 6 6 ] Wfc. *SdBBJBTI4H3 1 CiKf <k 3 
fc. m^xry;Hf-ai#ffl^7 7*^XTV;P9 5:-t 

>r u y^W7 6 zitLxmw&&8.. m&a 1 *r 
o-9-yr(;y^-b;u6*^ft^iiTv^. ztit>wy 

7V>7*)U6lZttLX. ««X7nVVl>4]S»7 3# 
'J yaffil 7 6 £tfLT&gxTcr/A>7 4 £3* 
X-fhZtifiX'Z&kol.zKnX^h. Z<7)&mx7u 

[0 167] z<DXo^m^*mmm^zj:ht. -t 

y^-fe^6 WKiEffl0^ix7oy^7 4 £££ 

») *MLfc||IBWiMW<0««"Csrtti:*4tf*»"5 
?£< s -^-yru y;/-fe/P6#X7oWl/9 SrMS&ft 



[0168] £;fe\ fiUK^BBBSfcrfe^T , -fryry 
y^-fe;i.6o»#>'£< ftfMfcSfifc-'J-xr'Jy 

v^3u ff^aifc-tyruy/-fe;P6t^ 
mnvmz li ( m) „ y-yrv >7*)V6 tymms 
i 7t<r)$m%L2 (m) ttsfc. i/— m^y? 
vyr-tMzmzti. zuzMmmMmztiunz 
tizixwrnmii. 

[$tl] T= (L1 + L2) /c ;cii7t3[ 

[0169] L£#oT. Wl^-I^etl fc-9-y7'J 
y/-b;l/6t03yS«SrfFffliLTfcW^ I/— 

[0170] 

imcTmsk] &±oxdiz*miz£m. wsw 
gfgmmzmixTuYmfei. 7mmiz#m 

h&ffifi&T. *fclMtofl*M3"«it>ar<, SBSIf^fc: 
ClliB^fg#^SiBS] 

[01 1 *jm*o»i mmmmmm. 
i®2}*micom2mmBz*?mm. 

[04 1 *mnm4mmmz*tmfm. 
i®5 ] *m<om5mmmiKtmm. 
i®6) *m<o%6mmm7Ftmm. 
im7 ]*mnm7miimm*-tmm. 
[08] *mn&smwmmnm. 
[09] (a), (b), < c > umzzmmmizte 

[010] *m<om 9 mmmi^tmm. 

[01 1 ] 01 ooa&hh. 

[012] *mm i omwmmmm. 

[01 3] 01 2<OB^«0. 

[0i4] *mm 1 1 ntwn^^tMjSH. 
[01 5] *mnmi2mmmmnm. 

[01 6) *»B^gii 3Hiteg®^*t«jS0. 

[01 7] *mmi 4mwm*ctmm. 

[018] *»B8^SS1 5IQe»S»^ttlJ£H. 

[019] mmm 1 6i»»n«^iiitt0. 

[020] *%BBO® 1 7HJg^ffiSr^r«jS0. 

[02 1 j *%bbo^i siaesiB^^tiijSBi. 
[02 2] *m<om 1 9nwBs»^tttAH. 
[023] *mm 2 o sfe^«BSr^t««0. 
[024] xmvm 2 1 hsub® ^^t«j£0. 
[025] *m<om2 2mmmi*-tmm®. 
[02 6 ] *nwo»2 2mmm^inmm. 
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[02 7] *mom2 3msmi7jiiwmm. 
ca2 8] *wm%2 smmm^-mmm®. 
im2 9] *min%24ntm®t:iji-timm®. 
[03 o j *m<?)m2 4nmmt:7jkiimwm. 

[03 1 3 *^bjo^2 SgtJBBB&F'flf AH. 
[fir^DP!H] 

3 

4 3K7r-fA 
4 a A2l48? 

4 b mum 

5 V-VK 

6, 6a, 6b, 6c ■*t"y?yv7*z)V 

7, 7a, 7b, 7c, 7d, 7e, 7f ft^ig 

8 gftl^X 

9 xrnWP 

10 xrnV/MiAP 

i i xrnyvMftajp 

12 ftRI&jS 
13 

14 $mm$y- 

15 lbfl3*fflft7:MA 

1 5 a A^aS^ 

i5b ai^ffi^ 

16 ffcfcfrES 
17 

is rmm%&&mi'-~ mw. 

1 9 u~ m 

20 ^ses 

2 1 3t7r-fA 
21a AJim- 
21b tfJTjSSHP 
2 2 7 

2 3 scmmffi 

24 mw. 

2 5 V-<f% 

26 ^?n^ 7 ;S7-(A-757-) 
2 7 3fc7WA 
27a A*«^ 

27b 

2 8 3t7r-iA' 
28a Xflffi? 
28b 

2 9 3feftIES 



3 0 3V*—?U>X 
3 1 ^T-yT*-:? 
3 2 $7- 
3 3 %X4Y)MT 
3 4 KltT'JXA 

35 m^v- 

3 6 3fc#ES 
3 7 

3 9 rJ'J^-r^yX 

40 ifa^— fms 

41 {saj^p-fgg 

4 2 ^4 ?n-f y?$5- 
4 3 #7 7-rA 

4 4 y-f ?n^f >y^ S 5— 

45 xmum 

4 6 ffiifiTiag^ 

47 mftxmm- 

4 8 3K^hVsMT 

4 9 Y)VJt~7 r^rt 

5 0 ±@#-3t7T-fA 
5 1 «I@#-7K7t^A 
5 2 «B@^3fc7r>fA 
5 4, 5 5 77Vy 

5 6 X)V V 5 6 

5 7 U-if^3KfflV^X 

5 8 u-^tmm%wm\s>x 

5 9 £fi£|*==7- 
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